■10/025,130 
Group: 1733 



JfiPRNESE POTENT OFFICE 
KOKftI PftTENT NO. HEI £C 1990]. -3623 A 

Int. Cl.^ ID Codes . Sequence Nos, for Office Use 



C CSS G. 77/04 NUfi 
77/06 NUB 
77/04 NUK 



S609-4J 
66(89-4 J 
660g-4J 



Ppplication No. 
Rpplicatiori Date 
Publication Date 



Sho 63 t 19883 -187449 
July ^^\ 1988 
February 6, 1990 
No. of Inventions: 3(total of 11 ^ages in Japanese original) 
EKamination Request: Not requested 

TITLE: SILICONE RESIN COMPOSITION- PIND . ITS MftNUFRCTURING 
METHOD 

(Silicoon jushi soseibutsu oyobi sono; seizohoho) 

Inventor(s) and address (es) : Shiro Itsuaki 

c/o Shinetsu Kagaku Kogyo KK 
Silicon Electronic Material 
Technology Research Lab. 
13-1, S-chome, Isobe, 
Yasunaka-shi, Gunma-ken 

Shigeru Mori 
same as the above 

fipplicant(s) and addressCes) : Shinetsu Kagaku Kogyo K. KJf , 

6-1, £-chome, Dternachi, . 
Chiyoda-ku, Tokyo 

Pgent (s) : Ryoichi Yamarnoto, patent ' attorney 
includes one other, 



Prnendrnents: There are no arnendroents to this patent. 



2 



TITLE OF THE INVENTION: Silicone resin composition and its 
manufacturing method, 

CLAIMS 

1. ft silicone resin composition is characterized by the 
fact that it is consisted of the following units: 

1) silpxane unit shown with a general fov^mula R^^SiO^_ 
^/g (R shows monovalent hydrocarbon group of either 
nonsubst ituted or substituted, same type or different type. ? 
and a shows 2.6 to 3.0 positive number), and 

£) siloxane unit shown with a general formula SiO^ and 
3) siloxane unit shown, with a general formula R^u^iDA- 
b/£ <R shows monovalent hydrbcarbon group of eil^hfer 
nonsubst ituted. or substituted same type or different 'type 
in which group, mov-e than 30 mol % has more than 2 ca^rbon 
atoms; and b shows 0.95 to 1.05 positive number). 

ft manufacturing method of silicone resin composition 
of claim 1 is characterised by the fact that the following 
organo alkoxy si lane and/or that hydrolyzed condensate are 
mixed and is subjected to a co-hydrolysis and 
polycondensat ion reaction: 

J . 1> ^ organosi loxane shown with a general formula 
R aSi{OR^)^_^ (R shows monovalent hydrocarbon group of 
either nonsub^st ituted or substituted, same or different type 
, and R*^ shows hydrogen atom or alkyl group with 1 to 5 
carbon atoms; and a shows 2.6 to 3.6 posit ive , number > , or 
organosi loxane and/or organosi loxane shown wi^h a general 
formula <R a^^^^A-a '^^^ ® refers to the feame ternis as 

explained above) . | 

2) alkyl silicate shown with a- general formula Si(DF^) 
(R shows alkyl group with 1 to 5 carbon atoms) and/or its 
partially hydrolyzed condensate, and- 

^ 3) organo alkoxy si lane shown with a general formula 
R^t>Si (OR ) ^_|- <R*^ shows, monovalent hydrocarbon group of 
either nonsuDst it uted or substituted , same or difference 
type in which group, * more than 30 mol % has more than 2 
carbon atoms) and/or its hydrolyzed condensate, 

3. The manufacturing method of silicone resin composition 
of claim 2 is carried out by co-hydY-^olysis and 
polycondensat ion reaction after* hydrolyzing a mixture of the 
first component through third component by adding inorganic 
acid and water; and . it is polycondensated in the presence 
of alkali catalyst, and then is polycondensated in the 
presence of acid Catalyst again; or after polycondensat ing 
in the presence of acid catalyst, it is polycondensated in 
the presence of alkali catalyst. 



DETAILED EXPLfiNflTION OF THE INVENTION 
CField of industrial appl icat iovl 

This invention pertains to asilicone resin composition; 
and in particular, it pertains to the silicone resin 
composition and its manufacturing method of which 
composition is comprised of MTQ units Cmonof unct ional 
organosiloxane (M unit), trif unct ional siloxane unit (T ' 
unit), and quaternary functional siloxane unit (Q .unit>3 
which is useful as a pressure-sensitive adhesive agent of 
silicone group and reinforcing agent of silicone rubber due 
to an excellent miscibility with organo polysiloxane 
comprised of di f unct ional . siloxane' unit (D unit). 

CPrior artD 

Various type of organosiloxane resins are generally kn<f.wri; 
and for instance, a copolymer comprised of rnonof unct ioViaJ 
siloxane unit (this will. be hereafter abbreviated as M unit) 
and quaternary functional siloxane unit (this will be 
hereafter abbreviated as Q unit) is referred to as a MQ 
resin; and this is used as a raw material of silicone 
pressure sensitive adhesive agent, or as . strength 
reinforcing agent for silicone rubber which requires a 
transparent feature, in particular, silicone rubbev-^ that is 
curable at regular temperature (this will be hereafter 
abbreviated as RTV) ; and a copolymer prepared by further 
inducing di functional siloxane unit (this will be hereafter 
abbreviated as D unit) to said MQ is referred to as a MDQ 
resin; and this also is known for its good effect similar to 
that of the MQ resin. 

However, a MTQ resin prepared by inducing tf^if unct ional 
siloxane unit (this will be hereafter abbreviated as T unit) 
to said MQ resin is known for its difficult jnanuf acturing 
because siloxane. with T unit is easy to gel ' part icularly 
during hydrolysis, and the obtained product may contain 
gelled substance, or may show a very poor yield; and in 
addition, this MTQ resin shows a poor miscibility with 
counter material showing poor pressure-sensitive adhesive 
force when is used as a pressure-sensitive adhesive agent; 
and furthermore, it hardly shows any effect of reinforcement 
as a reinforcing agent of silicone rubber; and therefore, 
this has not yet been utilized, in an industrial scale. 
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C Const ruction of this invention] 

This invention pertains to the MTQ resin which solves 
above-explained inconveniences ;and it pertains to the 
manufacturing method of silicone re^'in comi»05ition 
chav-acterized to mix following silicone refein cornpbkit ions, 
organ© alkoxy si lane and /or its hydrolysbd condensate to 
subject to a co-hydrolysis and polycondeiisat ion reaction: 
silicone resin composition characterized by the fact that is 
consisted of 1) siloxane unit shown with a general formula 
" a®^°4-a/S shows monovalent hydrocarbon group of either 

nonsubstituted or substituted, same or different type , and 
a shows S.S.to 3.0 positive number), and 8) siloxane unit 
shown with a general formula Si0 2, and 3> siloxane unit 
shown with a general formula ^io (F? shows 

monovalent hydrocarbon group of either nonsubstituted or 
substituted,, same or different type in which group, more 
than 30 mol '/. has more than 2 carbon atoms; and b shows 0.35 
to 1.05 positive number); and orgario alkoxy silane and/or 
that hydrolyzed. condensate showrt with 1) organo 
hydroxys i.lane shown with a general formula SiCQR^)^ <R^ 
shows monovalent hydrocarbon group * of either 
nonsubstituted or substituted, same or different type , and 
R shows hydrogen atom or alkyl group with 1 to 5 carbon 
atoms, and a shows e. 6 to 3.0 positive number), organo 
alkoxysilane and/or organo siloxane sho-vn with a general 
formula <R aSi>£p4-a ^'''•^ « show the same terms as 

explained above), and £) alkyl silicate and/or its partially 
hydrolysed condensate shown with a general formula Si (OR^) ^ 
<R shows alkyl group with 1 to 5 carbon atoms), and 3) 
organo alkoxy silane and/qr that hydrolyzed condensfet^ shown 
with a general formula b^i <Olf^ ) . . (R^' shows monovalent 
hydrocarbon group of either nonsubstituted or substituted, 
same or different type in which group, more than 30 mol % 
has^more than £ carbon atoms; and R^ shows the same term as 
explained above). 



That is to say, after investigating various ways to 
develop the MTQ resin showing high industrial value, these 
inventors have completed this invention by finding the 
following facts on the MTQ resin: when monovalent 

hydrocarbon group in siloxane shown with a general formula 
R^^iO ^ which constructs the T unit of said MTQ resin 

happens to be of all methyl group,, it shows absolutely no 
miscibility with organo polysi loxane /' comprised of 
difunctional siloxane jinit (D unit) showft. with a ! general 
formula R "'c^iO 4-^/2 shows monovalent hydrocarbon group 

of either nonsubstituted or substituted, same or different 
type; and C shows 1.8 to £.1 positive number) ; and when this 
IS used as a silicone pressure-sensitive adhesive agent, its 
pressure-sensitive adhesive force remains low showing no 
merit for practical application; and even when it is used as 
a reinforcing agent of silicone rubber, it hardly shows any 
reinforcement effect, and shows severely inferior 



( 

performance compared to above-eKplained MQ resiri and MDQ 
resinj however, when rnonovalBnt hydrocarbon R"^ ir\ the 
siloxane shown with above-explained general formula F^'u,Siq. 
l3/2 which constructs this T unit happens to be the 
monovalent hydrocarbon group of which more than 3® mol •/. has 
more than 2 carbon atoms,, this MTQ resin shows an excellent 
mxscibility with organo polysiloxane comprised of siloxane 
of D unit explained above to show an excellent adhesive 
property when is used as a silicone pressure-sensitive 
adhesive agent; and furthermore, when it is used * as a 
sxlicone rubber reinforcing agent, it displays a good 
reinforcement effect; and at the same time, they have 
verified that when this is added to a defoaming agent having 
organo polysiloxane base, if shows an improved defoaming 
effects and effect of maintaining such defoaming property; 
and when it is compounded with various plastics, it prevents 
from foaming during molding and improves flow property 
(flowability) and release propet^ty; and at the same time, it 
improves printing property of mold goods, surface lustre, 
and mechanical properties;, and furthermore, when it is 
compounded with molding compound consisted of epoxy resin 
and various inorganic fillers, it shows an effect r,f 
improving weatherabi 1 ity, water resistance, and heat 
resistance; and they have further continued their studies on 
each type of component which is used as well 'fas its 
compounding rate and manufacturing methods. This is'.'further 
explained below. 

.The siloxane unit as the M unit which is the first 
component which constructs this invention's silicone resin 
composition is shown with a general formula R^aSiO..,^; and 
R shows either the same or different type of monovalent 
hydrocarbon which is either nonsubst itutv.! or substituted, 
and is selected from such groups as alKyl groups (methyl 
group, ethyl group, propyl group, butyl group), cyclo alkyl 
group (cyclohexyl group), alkenyl group (vinyl group, allyl 
group), aryl group (phenyl group, tolyl group) or 
chloromethyl group of which part or all- hydrogen atoms 
bonded to carbon atoms of these group are substituted with 
halogen atom, or cyano group, trifluoro propyl group, or 
cyano ethyl group; . and when said a valul happens to be 
smaller than £.6, subjected MTQ resin shows k poor 
miscibility with other organic resins than :.rganosi loxane or 
silicone; and when it happens to be larger than 3.®, 
organosilan.es comprised of nonfunctional siloxane units are 
mixed to result in a mixed presence of these nonfunctional 
organosilanes in a subjected MTQ resin causing undesirable 
results; and therefore, it should be set at £.6 to 3.0 
positive number. 

fls for the siloxane unit of the Q unit which is the second 
component, that constructs this invention's silicone resin 
composition,, it may be the ones shown with a general formula 



However, it does not refer to so-called quarts haviirig^ SiO^ 
(silica) composition; and it is py-^eferable when it is of a 
composition foY:*mat which can copolymeri ze with the starting 
raw materials of first component and third component; and it 
is necessary that it can change to SiDg unit format at the 
end after a copolymerizat ion; and for instance, components 
shown as alkyl silicate of general . formula Si (OR ) (H 
shows alkyl group with 1 to 5 carbon atoms) is most 
recommended as the starting raw material of the second 
component- 

fis for the siloxane unit' of the T unit which is used as 
the third component constructing this invention's silicone 
resin, it is shown with a general formula /P^" b^iOA-bVs' 
examples of R'^ may be the same as previously expladhed R , 
that is to say, monovalent hydrocarbon [group of' either 
nonsubst ituted or substituted, same or {different type; 
however, when all of said R"^ happens to be* of methyl group, 
subjected MTQ resin does not become miscible with organo 
polysiloxane comprised of siloxane unit of the D unit; and 
this MTQ resin can be no longer used as silicone pressure- 
sensitive adhesive agent and reinforcing agent of silicone 
rubber. Ond therefore, unless more than 30 mol % having 
more than £ carbon atoms, in other words, unless MTQ of 
which group other than methyl group is more than 3(3 mol "/-, 
miscibility with organopolysi loxane comprised of siloxane 
unit of D . unit becomes poor; and can be no longer used as a 
raw material for silicone pressure-sensitive adhesive agent 
and reinforcing agent of silicone rubber- ftlthough it is 
preferable when more than mol % has more than £ carbon 

atoms, as the number of carbons increases, and mole % 
increases organic, property increases; and therefore, it 
shows a merit of improved familiarity with oY-ganic Y^esins 
other than silicone; and it is necessary to set that wore 
than 30 mole % of R^ tb be of group other than methyl group, 
that is to say, group with more than £ carbon atoms. 
Furthermore, when the b value happens to be smaller than 
0-95, subjected MTQ resin shows poor miscibility and 
dispersing property with other organic resins excluding 
organopolysi loxane or silicone; and when it happeij^s to be 
greater than . 1.05, the effect of improved me<phknical 
property and other physical properties when obtaine'd MTQ 
resin is compounded with other organic resins excluding 
organopolysi loxane or silicone cannot be achieved as har- 
been anticipated; and because it rather shows a tendency 
toward reverse effect than explained above, it is necessat^y 
to set this to 0.35 to 1.05 positive number. 



ftXthough this invention's silicone resin composition is 
comprised of the.siloxane units of above-explained first 
through third components, the compounding ratios of these 
components should be determined gjccording to the application 
and purpose of this silicone resin composition? and no 
particular restriction should be placed; however, when 
siloxane unit of the M unit which is the first component 
happens to be extremely small, because miscibility and 
dispersion property of organic resins excluding 
organopolysiloxane or silicone which av-e added to this MTQ 
become poor, it is t^ecommended to set the mol ratio (M/Q> of 
siloxane unit of this M unit and siloxane unit of Q unit at 
higher than 0.4; and when Q unit happens to be too small 
against M unit, improved effect of mechanirfal strengfth and 
other physical properties with, other forganic /resins 
excluding organopolysiloxane or siliconej . becomes more 
negative than positive; and it is advised jlo set its upper 
limit to S. 0. fis for the compounding ratio of siloxane as T 
unit in this silicone resin composition, when it is less 
than 1 mol significant effect in performance , in 

particular, in pressure-sensitive adhesive force when is 
utilized as silicone pressuv^e-sensit ive adhesive agent 
cannot be recognized; and also its effect as a reinforcing 
agent of silicone rubber shows hardly any change from the 
case of using MQ resin;- and when it is higher than Ee mol 
MTQ resin itself shows an unstable state; and furthermore, 
during manufacturing process of MTQ resin, tack and gelling 
may occur. Because it tackiness, it results m a high 
molecular weight polymer, and reaches gelling state which 
leads to a poor miscibility with organopolysx loxane 
consisted of siloxane unit of the D unit ; and therefore, it 
is recommended to set this in a range of 1 to £3 mol %; and 
this may be set in such range so the effect which 
accompanies compounding of this T unit may be displayed at 
the maximum level. 

The silicone resin composition as this invention's MTQ 
resin which is compounded in above-explained manner not only 
has the methyl group of siloxane unit of the T u«it which xs 
compounded at this time but also, it contains more than ^1Z> 
mni y. monovalent hydrocarbon with more than 2 carbon atoms; 
and therefore, it shows a good miscibility with, for 
instance, organic resins made of siloxane of the D unit 
excluding organopolysiloxane or" silicone; and when ^"is 
used as silicone pressure-sensitive adhesive agent, it shows 
an excellent adhesive force; and when this is used as a 
reinforcing agent of silicone rubber, it again shows an 
excellent reinforcement effect; and furthermore, when it is 
added to other organic resins, it shows an effect to improve 
their molding property and physical properties of the mold 
goods. 
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This invention's silicone resin composition is prepared by 
inducing siloxane group as the T unit to already known MQ 
resin; and the organopolysi loxane consisted of siloxame unit 
of this. T unit is shown with said general formula RTj^SiO/^^ 
j^y^.; and when organopolysi loxane happens to contain 
axfphatic unsaturated group, for instance. 



CH. irl 
CH.-CH-, CK,iC-C-0(CK.).-, CH.«C-C-0-(CH,)r 

oup, and this MTQ resin is vulcanized by jfliing org 

flproves du 




gr 

peroxide as a catalyst, reinforcing property ir 
further increased crossl inking degree with double bon 
part of CHg=CH- and organic group, of silicon? rubber; 
when this i% used as a silicone pressure-sensitive adhesive 
agent, better cohesive force as well as increased effect of 
body improvement is noted; and when this is compounded with 
organohydrodiene polysi loxane, platinum and paradium group 
catalyst, beneficial point of improved physical properties 
due to addition reaction of that double bonding part and 
hydrogen atoms bonded to silicon atoms is gained. Rs 
already known MO resins, the ones which induce vinyl group 
to molecular chain terminals by using siloxane shown with 
fOY^mula . - ■ H CH, 

CH,«C-S I - Oj^j 

! 

C H . . 

and organosi loxane shown with (CH3> ^iO j as the M unit are 
also known; and because high cost tetramethyl di vinyl 
disiloxane, dimethyl vinyl alkoxy . si lane, br dimethyl vinyl 
chlorosilane is used as the raw material of this dimethyl 
vinyl siloxane unit, this MQ resin becomes expensive; and 
therefore, that appl icat ion range has been also restricted; 
however, because this invention's silicone resin composition 
can use less costly vinyl t.richlorosi lane, or vinyl 
trialkoxysilane as the siloxane unit of T unit when 
preparing this MTQ resin, it is possible to prepare this at 
reasonable costs;, and therefore, it pr-ovides a beneficial 
point that it may be widely used in other various 
application range which have been restricted up to this 
time. 
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ftlthough this invention's silicone resin composition is 
comprised of a copolymer of first through third components 
explained - above, manufacturing of such composition may be 
conducted in the following manner: that is say, for 
the siloxane unit which constructs the firsfb component in 
this manufacturing method, such constructing material 'shown 
with a general formula R ^^Si (OR^) may be u sed; and R and 
a show the same terms as. explained previousl:); and R^ shows 
hydrogen atom, or triorgano silanol; t riorgaooalkoxysi lanol 
of alkyl group with 1 to 5 carbon atoms and'/or hexaorgano 
disiloxane shown with a general formula <R' ^^Si) O^-^i 
more concretely, trimethyl silanol, trimethyl methoxysi lane, 
trimethyl ethoxy silane, triethyl methoxysi lane, triethyl . 
ethoxy silane, triethyl silanol, hexamethyl disiloxane, 
hexaethyl disiloxane, hexaisopropyl disiloxane and these 
mixtures may be used. 

The siloxane unit constructing material of the Q unit 
which is the second component is' shown with a general 
formula Si{pRS4? and shows alkyl silicate of alkyl group 
with 1 to 5 carbon atoms, or, for instance, methyl silicate, 
ethyl silicate^ propyl silicate, butyl silicate and/or 
these pat-tially hydrolyzed condensates rnay be used,. 

The siloxane unit constructing material of the T unit 
which is the third component is shown with a general formula 
R^'j^i(OF^ ^ 4-b? organo trialkoxy silane of which Rg, R3, 

and b show the same terms as explained previously, for 
instance, methyl trimethoxy silane, methyl triethoxy silane, 
ethyl trimethoxy silane, . vinyl trimethoxy silane, propyl 
trimethoxy silane, butyl t rimethoxysi lane, ethyl trie'thoxy 
silane, vinyl triethoxy silane, propyl triethoxysi lane, 
butyl triethoxy silane, hexyl trimethoxy silane, octyl 
trimethoxy silane, phenyl trimethoxy silane, oV-* these 
partially hydv^olyzed condensates may be mentioned; and 
because this third component of . siloxane unit is required 
that more than 30 mol % to be of monovalent hydrocarbon 
group with more than £ carbon atoms, it is necessary that 
the selection and appropriate combination must be made from 
above-explained examples • 

This invention's silicone resin composition may. be 
prepared by mixing organosi lanes and/or organo siloxanes 
which constitute above-explained first through third 
components , and subject this to a co-hydrolysis and 
polycondensat ion; and the compounding ratio these may be 
compounded in such manner so the compounding frat io of: |f irst 
through third components in the subjected jsilicone resin 
composition may be attained; and thereforel as explained 
previously, it may be set as M/Q (mol ratio) ^at tZi. A to £. (Z», 
and T the unit at 1 to fid mol However, when these 

components are mixed, and are hydrolysed and polycondensated 
by already known methods, for instance, a method of 
hydrolysis by adding inorganic acid and necessary amount of 




water as needed in the presence of alkyl alcohol to 
neutralize and rinse with water may be used, obtained MTQ 
resin show a poor miscibility and dispersion property to 
other organic resins excluding organopol ysi loxane or 
silicone; and as it is difficult to improve the physical 
properties of each resin to which this is added, it is 
recommended that said hydrolysis and polycondensat ion to be 
car^ried out in the following manner: solvent such as alkyl 
alcohol or aromatic group is added as needed to a mixture of 
above-enplained each component, and after inorganic acid 
such as hydrochloric acid or sulfuric acid i6 added » and 
sufficiently stirred, amount of water Required » | f or 
hydrolysis is added to carry out hydrolysis; jand condensed 
alcohols are removed with ordinary method, and j after this is 
substituted with nonpolar solvents such as toluene or 
xylene, alkali is added at greater than the amount needed to 
neutralise the acid to neutralize; and then, temperature is 
v^aised to carry out a polycondensat ion by us i rig alkali which 
was added at excess amount; and then, acid is added at more 
than required amount to neutr--^lize alkali to neutral ize; and 
this is again polycondensated by using the acid added at 
excess amount at £8 to lAtZi'^t; under acidic state; and then, 
acids are remoyed either by neutralizing with alkali or 
rinse with water; and it is all right when the sequence of 
polycondensat ion is v^eversed from polycondensat ion by alkali 
to polycondensat ion by acid. The silicone resin composition 
of MTQ resin prepared in above-explained manner show ^n 
excellent miscibility and dispersion property with other 
organic resins excluding organo polysiloxane or silicone; 
and when this is used as a silicone pressure-sensitive 
adhesive agent, it shows excellent adhesive property; and 
when is used as a reinforcing agent of silicone rubber, it 
shows excellent reinforcing effect; and furthermore, when 
this is added to other types of synthetic resin, it impt-oves 
the molding property of that resin to show beneficial point 
if improving strength and other physical properties of 
obtained mold goods. j. 

fipplication examples of this invention are explained 
below; and the term parts shown in the examples refers to 
parts by weight, and viscosity and specific gravity both 
show the values measured at £S*^t ; and physical properties 
of silicone pressure-sensitive adhesive agf?nt which are 
noted in reference example are the results of measurement 
carried out in accordance to the following met hods t 
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[Pressure-sensitive adhesxve force! 

On d center part of a stainless sheet (SUS S7 cp, 280 
grit), a test piece was lightly pasted voth its pressure- 
sensitive adhesive layer side down; and a metal roller 
covered with about 6 mrn thickness rubber layer with 2^000 
+50 g and 80 mm diameter was moved for one back and forth 
motion at 300 mm/minute press adhesion speed to press adhere 
test piece; and . then, this test piece was left undisturbed 
at £3+£Sc, 60Hh5 % RH thermohygrostat ic chamber for 16 hours; 
and then, free part was folded at 16©^ angle to peel off 
continuously at 300 mm/min speed to measured its peel; force* 

J \ 

CBall tack3 ^ 

n steel ball (SUJ2 of JI5 64BO05 ) Iwas . rolled on an 
incline with 32p angle with. 10 cm travelling distance to 
show the maximum diameter No. of steel ball which ceased 
rolling within 10 cm pressure-sensitive adhesive layer range 
(inclined method ball tack measurement > • 

No. 3£ shows i inch and No.. £4 shows 24/32 inch; and 
measurement was taken at 23 +2^ and 60 ^5% RH 
thermohygrostat ic chamber. 

CCohesive force D 

ft test piece was pated in the area of £0 mm length and lO 
mm width on a stainless sheet explained above; and load 
1,000 ±i0g was suspended, and after ' this was left 
undisturbed for 30 minutes in £3iSPC, 60+5^ RH 
thermohygrostat ic chamber, slip distance was measured to 
refer to as cohesive force. 

ftPPLICflTIDN EXAMPLE 1 

378 g ethyl polysicate Ctt-^ansl iterat ion Although it 
states as polysicate, may be a misprint of polysi licate, - 
translator's note-D (SiOg content 40%) which is a partially 
• hydrolyzed condensate of ortho silicate, l££. 5 g hexamethyl 
disiloxane, 66.3 g vinyl trimethoxy silane, and £0 [g ethanol 
were charged in a 4L four-mouth flask ecuippecl with 
thermometer, reflux cooler, and stirrer; and 35% 
hydrochloric acid lOg and water 90 g were dropped by taking 
30 minutes while the temperatuv-e was; held at 20^C; and afte»^ 
this was stirred for 4 hours at 76^C to hydrolyre, £0© g 
toluene and lOg sodium hydrogen carbonate were added; and 
while stripping the ethanol by heating, toluene was added to 
give toluene solution with 60% nonvolatile portion. 

Then, by using sodium hydrogen carbonate which was added 
at excess amount as a catalyst, it was alkali polymerized 
for 4 hours at 114^C; and after this was cooled, 95% 
sulfuric acid 10g was added to acid polytner i se for 4 hom^s 
at 50 ^t; and to this, sodium hydt^ogen carbonate was added to 
stir to neutralise sulfuric acid at 40'^C^ ,and furthermore, 
after the moisture in the system wa*^/ dehydrated with 
anhydrous Glauber's salt, it was filtered to give achlomatic 

1 
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clear toluene resin solution showing 60.3 nonvolatile 
' ^I'? viscosity, 1.050 specific gravity, 0.02 
tnol/10iZl g hydroxyl group content; and according, to the 
result of analysis, this was recognized to be MTQ resin 
(this will be hereafter referred to as MTQ- 1) with 0.6 M/0 
rnol ratio and contains 18 mol % CHppCHSiO,,, T unit; and 
when toluene was held and removed,. iT: became an achlomatic 
and clear solid resin. 

Then, 100 parts of this MTD-1 and 100 parts dimethyl 
polysiloxane with 4,000 average polymerization degree of 
which molecular chain terminals are sealed with hydroxyl 
group were mixed sufficiently in a blender? and after this 
was defoamed under reduced pressure, it was collected in a 
glass Petri dish at 8 mm thickness to study mixture's 
transparency after solvent was evaporated to note perfect 
transparency to verify that this MTQ-I' to display 
miscibility with diorgano polysiloxane. 

flPPLICflTIDN EXAMPLE £ ,' 

0 treatment was conducted in the same manner as explained 
iri the application example 1 by changing the rate of 
addition of hexamethyl disiloxane, vinyl trimethoxy si'laV-e, 
and ethanol to 378 g ethyl polysilicate in the application 
example 1 to hexamethyl disiloxane 153 g, vinyl trimethoxy 
silane 73.1 . g, ethanol 15g to give achlomatic and 
transparent 6054 toluene solution of resin showing 60.0 •/. 
nonvolatile portion ,11.8 cS viscosity, 1.051 specific 
gravity, 0.03 mol/100 g hydroxyl group content; and 
according to the results of analysis, this was verified as 
MTQ resin (this will be hereafter referred to as MTQ-II) 
showing 0.75 M/Q mol ratio which contains 10 rnol % 
Ch^-CHSiOj/g as the T unit? and when toluene was evaporated,, 
it became a achlomatic and transparent solid resin. 

When this MTQ-II was mixed with dimethyl polysiloxane in 
the same manner as explained in the applicatio^i example 1, 
this was verified to show an excellent miscibility with 
dimethyl siloxane. ' * = 
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fiPPLICRTION EXRMPLE 3 

ft same tv^eatrnent was conducted in the same manner as 
enplained in the application example 1 by changing the rate 
of addition of hexamethyl disiloxane, vinyl trimethoxy 
si lane and ethanol based on 37B g et hy 1 poli^'si 1 icate j in the 
application example 1 to 163.3 g hexamethyl fdisx loxaVi 3, 74,6 
g vinyl trimethoxy si lane, and IC g fithanol tb give 
achlomatic and transparent 6W toluene S':ilution of resin 
showing 60.8 nonvolatile portion, il.S c5 viscosity, 1.05 
specific gravity, and 0. OS mol/100 g hydroxyl gv^oup content; 
and according to the results of analysis, this was verified 
as MTQ resin (this will be hereafter referred to as MTQ-III) 
showing (S- 85 M/Q mol ratio and contains 10 mol 
. CH£=CHSib2/j as T unit; and when toluene was evaporated, it 
became an achlomatic transparent solid re^in- 

When this MTQ-III was studied for its miscibility with 
dimethyl polysiloxane in the same mannev^ as explained in the 
application example 1, this showed an excellent miscibility* 

OPPLICRTION EXRMPLE 4 

R treatment was conducted in the same manner as explained 
in the application example 1 by changing the Y^ate of 
addition of hexamethyl disiloxane, vinyl trimethoxy si lane, 
and ethanol based on 378 g ethyl polysilicate of the 
application example 1 to £©4.1 g hexamethyl disiloxane, 8S- 9 
g vinyl trimethoxy silane, and 10 g ethanol to give an 
achlomatic and transparent 60% toluene solution of resin 
showing 59.8 % nonvolatile portion ., 10.£ cS viscosity, 
1.051 specific gravity, s^rri 0.03 mol/100 g hydroxyl group 
content; and as a result of analysis, this was confirmed as 
MTQ resin (this, will be hereafter referred to as.-MTQ-lV) 
showing 1*00 M/Q mol ratio and contains 10 - mol % 
CH2=CHSiO:j/2 as T unit. When toluene was evapov^ated, ' this 
became achlomatic and transparent and slightly tacky solid 
resin. 

When miscibility of this MTQ-IV with dimethyl polysiloxane 
was studied in the same manner as explained in the 
application example 1, it showed an excel lent miscibi 1 ity. 
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ftPPLICOTION EXfiMPLE 5 

R tv^eat merit was conducted in the. same manner as explained 
in the application example 1 by changing the rate of 
addition of hexamethyl disiloxane, vinyl trimethoxy silane, 
and ethanol based on 378 g ethyl polysilicate in the 
application example to ££4.5 g hexarnethyl disiloxane, 87g 
vinyl trimethoxy silane, and 10 g ethanol to give achlomatic 
and transparent 60% toluene solution of. resin showing 61.9 % 
nonvolatile portion , 9.8 cS viscosity, 1.05£ specific 
gravity, and 0.03 mol/100 g resin hydroxyl group content; 
and as a result of analysis,, this was confirmed as MTQ r^sin 
(this will be hereafter referred, to as MT-V) showing 1.10 
M/Q mol ratio and contains CHg=CHB 103/2 ^ unit; and when 
toluene was evaporated, this became achlomatic and 
transparent viscous solid resin- 

this MTQ-V with dimethyl polysiloxane 
same manner as explained in the 
it showed an excellent miscibility. 

ftPPLICOTIDN EXAMPLES 6 THROUGH 9 

To a IL four-mouth flask equipped with thermometer, reflux 
cooler, and stirr^ev^, methyl polysilicate (SiQ^ content 51/-) 
which is a partially hydrolysed condensate of ortho methyl 
silicate and isobutyl trimethoxy silane wet-^fe' added at the 
compounding ratio shown in the Table 1; andj £0 g isopropyl 
alcohol was further added, and while the temperature in the 
system was held at 40^'C, 5g of 35^- hy'firoch lor ic acid 
solution and . amount of water shown in. the Table 1 were 
dropped to hydrolyse; and after this was ripened for 3 hours 
at 70'-'C, 100 g water and £00 g toluene were added to 
separ^ate to toluene resin layev^ and met hanol . isopropyl 
alcohol, water. hydrochloY^ic acid layer; and toluene was added 
to the toluene resin solution to set its nonvolatile portion 
to 60'/-, and after sodium hydrogen carbonate £ g was added, 
it was alkali polymerized for 4 hours at 11 4*^0; and then, 8 
g of 35% hydrochloric acid solution was added to acid 
polymerize for S hours at 90^; and this was rinsed with 
water to remove hydrochloric acid portion, and was 
dehydrated with anhydrous Glauber's salt to adjust the 
nonvolatile component to S0V. to give achlomatic transparent' 
solution. The properties of these solutions are shown in 
Table The compositions given in these examples were all 

MTQ resins; and when their miscibility with dimethyl 
polysiloxane was studied by the same method as explained in 
the appl icat i»zin example 1, they all showed excellent 
miscibility. 



When miscibility of 
was studied in the 
application example!. 
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Table 1 
item M/Q rnol 
ratio 



methyl poly 
silicate 
(g) 



hexamet hyl 
disi loxane 

(g) 



appl icat ion 

6 0.8 

7 0.8 

a 0. 8 

3 0.8 



exarnplB ; 
310 
• 310 
310 
310 



T unit isobutyl rate of 
rnol % trirnethoxy water 
.si 1 ane for 

(g) hydrolysis 



170.7 


■ £ 


17. a 


1£5 


170. 7 


5 


44. 4 


134 


170.7 


10 


93. a 


1A& 


170. 7 


15 


149. 0 


1&5 



Table £ 
item exterior nonvolatile 
appearance component 
.<%) 

application example: 
6 achlomatic& clear 
7 

8 . ■ . .. 

g 



60.5 
59.8 
59.2 
59.5 



viscosity 
(cS) 



9. 8 
10.2 
13. 0 
18.2 



specific hydroxyl 
gravity (rnol/ 100g 



1,055 
1 , 056 
1, 055 
1,057 



0. 
0. 
0. 
0. 



group 
reain) 

04 { ^ 

03 

02 

03 



flPPLICflTION EXAMPLES 10 THROUGH 13 

In a IL four-mouth flask equipped with thermometer, r-'eflux 
cooler, and stirrer, methyl polysilicate (SiO-. content 51%) 
Which IS a partially hydrolyzed condensate o% ortho methyl 
silicate, hexamethyl disiloxane, methyl trirnethoxy silane, 
and isobutyl trirnethoxy si lane were added at the compounding 
ratios shown in Table 3; and furthermore, £0 g isopropyl 
alcohol was added; and while the temperature within a system 
was held at 10'-C, 5 g of 35-/ hydrochloric acid a^d amount of 
water shown in the Table 1 were dropped to hy&rolyze; and 
^11^^ V^^^ ripened for 3 hours at 70"='C, I©©! g water and 

g toluene were added to separate to toluene (resin layer, 
methanol. isopropyl alcohol. water. hydrochloric acid layer; 
and toluene was added to toluene resin layer to set its 
nonvolatile component to 60?C, and after 2 g sodium hydrogen 
carbonate was added, it was alkali polymerised for 4 hours 
at 114 C; and then, 8. g of 35% hydrochloric ecid solution 
was added to acid polymeriZB for 6 hours at 90*^; and this 
was rinsed with water to remove hydrochloric acid portion, 
and this was dehydrated with anhydrous Glauber's salt to 
adjust the nonvolatile portion to 60>t to give achlomatic and 
transparent liquids; and they showed properties shown in the 
Table 4. 
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Table 3 



M/Q mol ratio 
methyl polysilicate (g) 
hexarnethyl disiloxane (g) 
T unit mol •/. 
C^/T rnol Y. 

methyl trirnethoKy si lane (g) 



application examples 



10 

0. 8 
310 
170.7 

a 

70 
3. 9 



isobutyl trirnethoxy si lane <g)12.0 
rate of water addition for 
hydrolysis (g) jgs 

Table 4 



11 
0.8 
310 
170.7 
5 
55 
15. 3 
24.4 



12 
0.8 

310 
170. 7 
10 

65 

£5. I 
&1. 0 



134 146 



13 
0.8 

310 
170.7 

15 

85 

17. 1 
126.6 

165 



application examples 

nr.nv^llM"''^'''"''"''^ achlomatic anj ''transparent 

nonvolatile component (g> 3 60.5 59.7 59 8 

viscosity (cS) 10. a M.g f;.'^ f|;| 

h„T f B'^'^^i^y 1,056 1,056 1,055 1,055 I- . 

hydroxy 1 group (mol/100g resin) . 

0. 03 0. 03 0. 03 0. 02 

flPPLICflTIDN EXAMPLES 14 THROUGH 17 

Compounding ratio of methyl polysilicate, hexarnethyl 
disiloxane, methyl trirnethoxy silane, and isobutyl 
tv irnethoxysilane and rate of addition of water for 
hydrolysis were same as shown in the Table 3 of application 
examples 10 through 13; and hydrolysis was carried out xn 
th^.Mnri^^""^C explained in the application examples 10 
thvough 1.1, and was ripened, and toluene was added to give 
toluene resin layer, and to this, 5. 5 g of 35^. hydrochloric 
acid solution was added to acid polymerize for 6 hours at 
90 -C; and after this was cooled to 50 ^t, 6.5 sodium hydrogen 
carbonate was gradually added to neutralize; yand then, this 
"I! ^^"^^^ polymerized by using sodium hydrfgen carbonate 
added at excess amount as a catalyst at 115'IC for 4 hours: 

K^i^*" w*,^^^. "^^^ *° g wJter containing 

^^A hydrochloric acid solution (3.7g) was gradually added to 
heat to BlZPC for 1 hour; and after this was rinsed with 
water and removed of excess hydrochloric acid portion and 
formed sodium hydrochloric acid, it was dehydrated with 
anhydrous Glauber's salt; and toluene was added and was 
filtered to adjust so the nonvolatile portion would be 60jt 
to give MTO resin; and this showed the results shown in the 
table 5. 

. "^^f", "^"^^ r-esins achieved were studied for their 

Tv^fi^' i ^. '^V*!] dimethyl polysiloxane in the same manner as 
1 application, example 1, they all showed 

excellent miscibility. 
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Table 5 

exter^ior nonvolat i le 
appeav^arice componerit 
(•/-) 



viscosity 



(cS> 



specif/ic hydroxy 1 
gravyty group, \ 

(rnol/100gresin) 



application examples: 



14 achlomat ic&clear 60.5 

15 " 59.8 

16 59. 6 

17 " 60.2 



10. 1 
11.3 
14.7 
19.8 



1, 054 
1, 056 
1,055 
1, 056 



0.03 

0. 02 

0.02 
0. 03 



COMPRRflTIVE EXfiMPLE 

378 g ethyl silicate., 153 g hexamethyl disiloxane, and 15 
g ethanol were charged in a ' IL four-mouth flask equipped 
with thermometer, reflux cooler, and stirrer; and li0 g of 
35% hydrochloric acid solution and 90 g water were dropped 
to hydrolyze; and after this was ripened for 4 hours at 
76*^, £03 g toluene was added to dissolve; and this was 
rinsed with water for several times to remove hydrochloric 
acid portion; and when this was dehydrated and filtered with 
anhydrous Glauber's salt, an achlotnatic and transparent 
resin liquid showing 60« 1 nonvolatile portion, 4.3 cS 
viscosity, 1,050 specific gravity, and 1.8 mol/100 g 
hydroxyl group was achieved; and according to the result of 
analysis, this was confirmed to be MQ resin showing 0.75 M/Q 
mol ratio; however, when miscibility with dimethyl 
polys ilbxane was studied in the same manner as explained in 
the application example 1, this mixture showed slight opaque 
form to be judged a^ not so good miscibility with dimethyl 
polysi loxane. (• ^ 
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REFERENCE EXAMPLE 1 

R silicone pressure-sensitive adhesive agent was prepared 
by adding ICO parts dimethyl polysiloxane raw rubber showing 
6,500 average polynfierisat ion degree of which both molecular 
chain terminals are sealed with hydroKyl group to 125 parts 
solids of MTQ-III prepared in the application example 3; and 
toluene was added to dilute the solids to 6© •/•; and this was 
stirred for 1® hours at 100^t maintained temperature; and 
this showed achlomatic and transparent appearance with 60.1 
% nonvolatile portion and 136/000 cS viscosity. 

Then, to 100 parts of this silicone pressure-sensitive 
adhesive agent, £ parts bonzoyl peroxide and 50 parts 
toluene were added; and this was stirred well to give a 
sample; and this was coated on a polyimide film with 25 mm 
width and 0. 025 mm thickness by using an applicator to give 
40 jm coating thickness; and after this was air dried for 5 
minutes, this was baked for 3 minutes at IBO^C to give a 
test piece; and this was measured for its pressure-sensitive 
adhesive force, ball tack, and cohesive force; and results 
shown in Table 6 were attained. r 

0 sample was prepared by adding 5 parts methyl hydrodiene 
polysiloxane showing 55 cS viscosity, and contains £0 mol 'A 
hydrogen atoms bonded to silicon atoms, 30 ppm ( based on 
platinum rate) platinum catalyst and 50 pav^ts toluene as 
addition reaction catalyst were added to 100 parts above- 
explained silicone pressure-sensitive adhesive agent to be 
stirred well; and this was coated on a p'llyimide film, which 
is same type as explained above by using an applicator to 
give A0 Lim coating thickness; and after this was air dried 
for 5 minutes, this was vulcanized for 5 minutes at 10CPc to 
give a test piece; and this was measured for its pressuY-e- 
sensitive adhesive force, ball tack, and cohesive fOY^ce; and 
results shown Table 6 were attained. 

However, for sake of comparison, a si 1 i done . pressure- 
sensitive adhesive agent was prepared in the Jame manner as 
explained above by using MQ resin showing 0. 8 ' M/Q mol ratio 
and methyl group being its organic group, 60.5;% nonvolatile 
portion, 9.3 cS viscosity, and 0. 04 mol/ 100 g hydroxyl group 
content instead of MTQ-III resin used above; and although 
this was an aichlomatic and tr^ansparent viscous toluene 
solution showing 60.5 nonvolatile portion and 10S, 000 cS 
viscosity, it showed. such pressure-sensi t ivie adhesive force, 
ball tack and cohesive force as shown in Table 6 when this 
was coated, air dried, and based aftev^ vulcanising with 
benzoyl peroxide in the same manner as explained above. 
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Table 6 



resiri 


test piece pressure-sensitive 


ball tack 


cohesive 




force (g/£5cm> 


(No. ) 


force (rnm) 


MTQ-III 


benzoyl peroxide 7B0i 


3£:< 


0. 03 




treatment 






M 


addition reaction 740 


3S< 


0.08 




treatment 






MQ 


benzoyl peroxide 7£0 


3S< 


0. 10 



treatment , 

' •^ • 

REFERENCE EXftMPLE £ . - ^ 

To 100 parts each MTQ resin .<MTQ-III) prepared in the 
application example £ and MQ y^esin prepared in the 
comparative example 1, 100 parts dimethyl polysiloxane 
containing straight chained vinyl group with 1,000 average 
polymerization degree of which vinyl group bonded to silicon 
atoms of the main chain is bonded at average of £ places 
within one molecule^ and both terminals are sealed with 
vinyl dimethyl si lyl groups was mixed; and to each solvents 
from which t»bluene was stripped, 35 parts straight chained 
hydrodiene methyl polysiloxane having average of S0 pieces 
of hydrogen atoms bonded to the silicon atoms of the main 
chain within 1 molecule, and both terminals at-e sealed with 
hydrodiene dimethyl si lyl group was added ; and furthermore, 
30 ppm (based on platinum rate) platinum catalyst was added 
to the mixtures to polymerize; and after theJ were defoaraed 
under reduced pressure, they were cured for £| hours at 100®C 
to give rubber sheets with 1 mm thickness. T^en, these 
sheets were cut to prescribed size to be tested for tensile 
property; and results showed that the rubber sheet 
compounded with MTQ-II displayed 35 kg/cm^ tensile strength, 
and was a transparent rubber sheet - 

However, the one compounded with MQ resin prepared in the 
comparative example 1 showed £0 kg/cm^ tensile strength, and 
this was a opaque and not transparent rubber sheet; and 
based on these results, it was confirmed that MTQ-II to show 
an BKcellent performance as an reinforcing agent of silicone 
rubber. 

Translation requested by: Kurt Melancon 
Translation by: Mie N- flrntson, 51 £-33 1-7 167 
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